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INTRODUCTION
Lichen planus (LP) is a chronic infl ammatory mucocutaneous disease of unknown etiology. 1, 2 Oral lesions often precede skin lesions, and in many cases they remain the only manifestation of the disease. Nasal, laryngeal, esophageal, genital or anal mucosa may also be affected. 2, 3 In rare cases, the disease can present with lesions on the scalp or nails. 3, 4 Oral lichen planus (OLP) is a relatively common disease affecting between 0.5% and 2.2% of the population; the ratio of males to females is 1:2. 5 People in the age range of 30 to 60 years are affected. 5, 6 There are few reports on LP occurring in childhood. 2, 7 OLP can affect all parts of the oral cavity. The most common location is the buccal mucosa, followed by the lingual, gingival and labial mucosa. 2, 4 Bilateral symmetrical distribution of the lesions predominantly occupying posterior regions of the mouth is typical of this disease. The Andreasen classifi cation system distinguishes six clinical forms of OLP: reticular, papular, plaque-like, atrophic (erythematous), erosive-ulcerous and bullous-erosive. 1, 2, 4, [7] [8] [9] Reticular, papular and plaque-like forms are usually painless and present clinically as white keratotic lesions. In the atrophic, erosive and bullous forms, symptoms range from mild discomfort to episodes of intense pain. 1, 2, 7, 8 A pathognomonic sign of this disease is the presence of the so-called Wickham striae -white hyperkeratotic papules (striae), giving lace-like appearance of the lesions.
OLP can manifest in the form of desquamative gingivitis. 4 This oral presentation is part of the symptom group of the so called vulvo-vaginalgingival syndrome which includes the triad of LP of vulvar, vaginal and gingival mucosa. 10 A routine examination by a specialist is recommended for female patients with OLP, even in the absence of REVIEW genital symptoms, with a view to administering timely treatment and preventing the development of complications. 10 Oral lichen planus is characterized by alternating periods of remissions and exacerbations. The condition can be triggered by psychological or physical stress, the presence of chronic mechanical trauma, consumption of irritating foods and beverages.
ETIOLOGY
The etiology of OLP is still unknown. Existence of an antigen capable of changing antigen specifi city of basal keratinocytes, thus making them target for the cell-mediated immunity, is under discussion. This triggering factor can be of external or internal origin. 8 
FACTORS OF EXTERNAL ORIGIN
• Viruses Hepatitis C virus (HCV) has been extensively investigated as a possible etiological factor of OLP. Recent meta analysis on that topic demonstrated a positive correlation between HCV and LP. 11 This association can be explained by the ability of the virus to replicate in non-hepatocyte cell types, such as skin and oral mucosa cells. 11 On the other hand, the high variability of the virus, resulting in a continuous reactivation of immune cells, increases the risk of development of autoimmune diseases. 8 However, it should be noted that modern therapy of patients with chronic liver disease includes interferon-gamma and ribavirin -drugs often considered as a cause for triggering lichenoid reactions. 11 In a meta-analysis, Syrjänen et al. found a strong association between HPV and oral squamous cell cancer and other premalignant conditions. 12 The levels of HPV 16 were statistically higher in patients with OLP compared to healthy controls. 12 These data suggest that HPV may play a role both in the etiology and in malignant transformation of lichen planus. On the other hand, the detection of HPV DNA in OLP lesions can be explained by the presence of ulcerated areas vulnerable to viral invasion, as well as by immunosuppressive corticosteroid therapy administered in these patients which facilitates viral replication. 12 Possible association between OLP and EpsteinBarr virus 13 , herpes simplex 13 , cytomegalovirus 14 , etc., is under discussion.
• Factors causing lichenoid reactions (LR)
Potential exogenous factors may be some medications and dental restorative materials. In these cases, lesions clinically and histologically similar to those in OLP are observed, and they are referred to as lichenoid reactions. 4 Unlike idiopathic LP, in these conditions there is a specifi c causative factor, the removal of which leads to regression of lesions. Contact LR, drug-induced LR and LR associated with graft-versus-host disease can be differentiated.
Contact lichenoid reactions occur most often near mercury-containing amalgam fi llings, and they are manifestation of the delayed-type hypersensitivity. More rarely, a triggering factor may be other restorative materials such as gold, porcelain, acrylic plastics, resins, glass-ionomer cements, etc. 6 Medications that may induce lichenoid reactions include: antihypertensive drugs -ACE-inhibitors, β-blockers; NSAIDs; antimalarial drugs; oral hypoglycemic agents; gold salts and penicillamine, used for the treatment of rheumatoid arthritis. 3, 4, 6, 8 Lichenoid reactions may also occur in patients who have undergone stem cell transplantation or bone marrow transplantation as part of the symptom group of graft-versus-host disease (GVHD). The concomitant immunosuppressive therapy increases the risk of developing neoplasia, defi ning this type of LR as lesions with high malignant potential. 6 
FACTORS OF INTERNAL ORIGIN

• Psychological disorders
Recent studies show the association between mental stressors and the occurrence and progression of chronic diseases. 15 Neuroendocrine hormones released during stress exposure cause disturbance of the balance between Th1 and Th2 cytokines, which is associated with the development of autoimmune diseases. 15 A high percentage of patients with LP have reported onset of the disease and exacerbations of the lesions at the time of increased emotional stress. Shah B et al. found statistically higher levels of stress, depression and anxiety, correlating with elevated levels of cortisol in saliva in patients with OLP compared to healthy individuals. 16 In contrast, in a study conducted by Girardi C et al., the stress, depression, and anxiety levels and salivary cortisol and dehydroepiandrosterone (DHEA) levels in patients with the OLP did not differ from those in the control group. 15 • Heat shock proteins High levels of expression of heat shock proteins (HSPs) found in OLP lesions determine their potential role of autoantigens in the pathogenesis of the disease. 1, 8 It is assumed that dysregulation of the gene responsible for the expression of these proteins in the epithelial cells and its inability to suppress the immune response result in recognition of body's own HSPs as foreign substances. On the other hand, the natural increase in these proteins as a result of external factors such as temperature changes, UV light, drugs, viruses, etc., raises the question whether HSPs are the primary etiological factor for the disease or their increase is a consequence of another factor of external origin.
• Genetic factors
Research focused on the possible genetic predisposition to the disease demonstrated an association between HLA-DR1 and idiopathic cutaneous lichen 17 , as well as the association between HLA-DR6 and hepatitis C related OLP 18 . A case of OLP simultaneously affecting a fi ve-member Chinese family was reported suggesting the presence of a hereditary predisposition due to a mutation in 3p14-3q13 chromosome. 19 However, the evidence in literature is insuffi cient to conclude that the disease is genetically determined.
PATHOGENESIS
The pathogenesis of this disease is a subject of various hypotheses. OLP is a chronic infl ammatory disease in which the CD8 + T cells induce apoptosis of basal keratinocytes. These mechanisms are triggered by expression of the putative antigen on the surface of keratinocytes at the early stages or by recognizing the body's own peptides as foreign antigens. 20 Various cell types -keratinocytes, Langerhans cells (LC), CD4 + , CD8 + T-Ly, macrophages and mast cells, cytokines and chemokines secreted by them, and proteins of the extracellular matrix are involved in triggering the disease by activation of various pathogenic pathways. 8 Four main mechanisms have been described. 1 The sequence of cell-mediated immune response is as follows: migration of T-Ly in the epithelium, their activation and then "killing" the keratinocytes. Lymphocytes are attracted by chemokines secreted by Ag-modifi ed keratinocytes. Activation of migrated CD8 + Tc may be direct, through detection of the antigen expressed by the keratinocytes by MHC class I molecules, or indirect through initial activation of CD4 + cells. The Langerhans cells play a major role in the latter where they present the responsible antigen to the helper cells via MHC class II molecules which in turn activate CD8 + Tc via RCA-receptor or through secretion of IL-2, IFN-g, TNF-α. In the fi nal stage of the immune response, activated CD8 + Tc destroy basal keratinocytes through TNF-α, Fas-FasL-or granzyme B-mediated apoptosis. 1, 8, 20 Nonspecifi c immune response includes mechanisms triggered as a result of the destruction of the basement membrane (BM), activation of matrix metalloproteinases (MMPs), secretion of chemokines, mast cell degranulation, etc.
Keratinocytes secrete type IV collagen and laminin 5, which maintain basement membrane integrity, which in turn releases signals suppressing apoptosis in epithelial cells. After basal keratinocytes are damaged, BM is impaired and it loses its ability to inhibit apoptosis and attracts non-specifi c T-Ly to the affected areas. 1, 20 The expression levels of MMPs, especially MMP-9, in OLP lesions are signifi cantly higher than those in healthy controls. 1 MMP-9 induces BM destruction, thus fulfi lling a non-specifi c role in the pathogenesis of the disease.
Chemokines. RANTES is a proinfl ammatory cytokine secreted by activated lymphocytes, keratinocytes, and numerous other cells. Its effect results in degranulation of mast cells, which in turn triggers the release of TNF-α and chymase. TNF-α stimulates the release of lymphocytes in the extravasal region. After activation, they secrete RANTES again. Thus a vicious cycle is established, responsible for the chronic course of the disease.
60% of mast cells in OLP lesions are found degranulated. 1, 20 This is accompanied by the release of a series of cytokines -IL-3, IL-4, IL-5, IL-6, IL-8, IL-10, IL-13 and IL-16, TNF-a, chymase and RANTES. Chymase is a protein capable of inducing the production of MMP-9 by lymphocytes, thus demonstrating the indirect role of mast cells in the destruction of BM.
Autoimmune hypothesis is supported by a number of characteristics of the disease: chronic course; manifestation in adults; predominantly affecting the female gender; presence of T-lymphocytes in the lesion; other autoimmune comorbidities; effi cacy of immunosuppressive therapy. 1, 21 TGF-β1 suppresses immune response to selfantigens and its defi ciency predisposes the body to the development of autoimmune diseases. Low expression of this growth factor in OLP lesions is reported. 1, 20 Heat shock proteins are considered as potential autoantigens. Their higher expression of keratinocytes in the affected areas is another indication of the involvement of autoimmunity in the pathogenesis of the disease. 1, 21 According to Langerhans-mediated autoimmune hypothesis, autoantigens are the apoptotic keratinocytes themselves. After their phagocytosis, LC activate Th, and they in turn -CD8 + Tc, thereby enhancing cell death. 1, 21 Evidence from different authors has suggested the involvement of humoral immunity in the pathogenesis of the disease due to circulating autoantibodies against desmogleins 1 and 3 22 and anti-basal cell antibodies 23 they detected in the serum of patients with OLP.
DIAGNOSIS
• Histology
OLP histological defi nition was given by the WHO in 1978 in 'A Coded compendium of the International Histological Classifi cation of Tumours'. The following criteria are listed: hyperkeratosis (ortho-or parakeratotic type), acanthosis or epithelial atrophy, liquefaction of basal keratinocytes, dense band-like lymphocytic infiltrate in the superficial lamina propria. Epithelial rete ridges are often missing or may have a 'saw teeth' appearance. 9 Amorphous eosinophilic deposits -civatte bodies -are found in the basal cell layer and the superfi cial lamina propria, being degenerate keratinocytes. 1, 3, 9 The histological characteristics of lichen planus are typical, but non-specifi c. Onofre et al. found clinicopathological discrepancies in the diagnosis of OLP in a quarter of the selected cases. 24 Based on these results van der Waal concluded that an accurate diagnosis can be made only by subtle interpretation of the results from both clinical and histological examination, and introduced a set of modifi ed diagnostic criteria for OLP. 25 
• Direct immunofl uorescence (DIF)
The most characteristic feature in immunofl uorescence examination of biopsy material from patients with OLP is the detection of fi brinogen in the form of linear or granular deposits, either alone or in combination with other immunoreactants along the basal membrane and/or the superfi cial lamina propria. 3, 7 The changes in this type of study are also non-specifi c, and the observed immunological deposits vary between authors. 26, 27 Arora et al. report that detecting immunofl uorescent civatte bodies (CB) is among the most important characteristics in DIF of patients with lichen planus along with fi brinogen deposits. 3 
• Indirect immunofl uorescence (IIF)
Using IIF, Lin SC et al. detected anti-basal cell antibodies in the serum of 54% of the 63 patients with OLP they examined. 23 Although non-specifi c, immunofl uorescence assay can be used as an auxiliary tool to diagnose clinically and histologically atypical cases of LP. DIF and IIF are obligatory in patients with bullous form of OLP and manifestation in the form of desquamative gingivitis in order to distinguish it from pemphigus vulgaris, MMP, dermatitis herpetiformis and others.
TREATMENT
Given the unclear etiology of OLP, the results of administering agents for its treatment are often unsatisfactory. Treatment is aimed primarily at abolishing the symptoms and at extending the periods of remission. At this stage, complete eradication of the disease cannot be achieved by any method. 21 It is essential to eliminate local irritating or aggravating factors in the oral cavity (sharp edges of fi llings, fractured teeth, harmful habits). Scaling and instructions for optimum oral hygiene improve the condition in patients with gingival LP. 4, 6, 21 Diet that excludes irritating foods and drinks, smoking and alcohol consumption is recommended. Patients with reticular form or other asymptomatic OLP lesions do not need any other treatment. 21 Three groups of therapeutic modalities are distinguished: drug therapy, surgery and phototherapy.
• Drug therapy Among the pharmacological treatments of OLP, four main groups are administered with varying degrees of utility: corticosteroids, retinoids, calcineurin inhibitors and other immunosuppressants. Priority shall be given to topical drug therapy because of fewer adverse effects. Systemic medication is administered in the event of widespread erosive areas, as well as in simultaneous involvement of oral cavity, skin and/or other mucous membranes. 4, 21 Corticosteroids (CSs) are used as first line therapy. Administration can be topical, intralesional or systemic. 4 Topical forms are most widely used. The effi ciency of this type of therapy in patients with OLP ranging between 30-75% for moderately and highly effi cient CSs 4 , and 56-75% for clobetasol propionate 21 . Local administration of this group of medications poses a risk of development of oral candidiasis and/or tachyphylaxis. 4, 21, 28 Intralesional injections of triamcinolone acetonide showed good results in erosive forms of OLP refractory to treatment. This type of application is painful and carries the risk of atrophy of the Folia Medica I 2018 I Vol. 60 I No. 4 treated areas and of adverse systemic absorption of the medication. 4 Most side effects were observed during prolonged treatment with systemic CS, including development of Cushing's syndrome, hypertension, diabetes, gastric ulcers; suppression of hypothalamic-pituitaryadrenal axis; immune suppression; fungal infections, etc. Therefore, they should be administered only as indicated, in compliance with established regimens for reducing adverse drug reactions. 4, 6, 21 Al-Hashimi et al. concluded that retinoids used for the treatment of OLP effect the clinical presentation of the disease, but show worse results than traditional corticosteroid therapy. Based on a histopathologic follow-up study, reticular OLP responded better to the treatment with retinoids than less keratinized lesions. 6 Topical forms can cause transitory burning sensation or transient pigmentation in the oral cavity. Systemic administration of vitamin A is associated with a number of serious side effects -increase in transaminase levels, hyperlipidemia, rash or photosensitivity, cheilitis, alopecia, nail dystrophy, etc. 4, 6 Retinoids are teratogenic and therefore contraindicated in women of childbearing age. 4, 6 From the group of calcineurin inhibitors, cyclosporine and tacrolimus are used.
The adverse effects of topical administration of cyclosporine are minimal. Despite the signifi cant improvement in oral symptoms, results of rinsing with cyclosporine solution are not signifi cantly superior than those obtained when administering triamcinolone paste. 29 Studies investigating the effectiveness of 0.1% tacrolimus in patients with symptomatic OLP refractory to conventional CS therapy, found a favourable therapeutic response with no serious adverse effects. 30, 31 Ability of tacrolimus to induce apoptosis in T-cells with simultaneous inhibition of apoptosis in non-lymphoid cells was reported. 32 This mechanism of action implies reversal of the main pathological processes in the pathogenesis of LP. On the other hand, the suppression of the immune system increases the risk of malignancies. Becker et al. reported a case of diagnosing squamous cell carcinoma of the tongue after a 3-year period of use of 0.1% tacrolimus ointment in a patient with OLP. 32 In cases of gingival LP, the so-called occlusal therapy, in which the drug is administered locally by individual silicone splints or acrylic labial veneers, is applied successfully. This method avoids the main drawback of topical drug treatment -the inability to provide continuous contact between the agent and the treated areas. 21, 33 Further systemic treatment with immunosuppressants such as chloroquine and hydroxychloroquine, azathioprine, or cyclosporin is indicated in cases of severe forms of OLP, refractory to topical treatment. Their use is associated with serious adverse effects -bone marrow aplasia; immune suppression; increased risk of infections and malignancies; oto-, nephro-and hepatotoxicity. 4, 6 Systemic treatment achieve better results than this with topical agents, but permanent remission of the disease could not be achieved either. 4 Some authors suggest the inclusion of psychiatric medication to the routine therapy of OLP, based on the high percentage of mental disorders found among this patients. 2
• Conventional Surgery
Excision of pathologically changed areas is indicated in lesions with limited dimensions, as well as in all cases of histologically confi rmed dysplasia. Wide excision in a disseminated form of OLP carries the risk of postoperative scarring impairing the function.
• Phototherapy Oral administration of 8-methoxypsoralen followed by UVA (PUVA) irradiation has a positive effect on severe and refractory to treatment OLP. 34 Because of its oncogenic potential PUVA therapy was replaced by safer methods of light treatment. 6, 28 Narrowband UVB therapy (NB-UVB 311-313 nm) is effi cient, and probably with less malignant potential than PUVA. 35 Kassem et al. achieved positive effect on the clinical presentation of erosive OLP, using UVB therapy. 36 Phototherapy group also includes treatment using various types of lasers. In patients with OLP, laser-assisted surgery (laser ablation and laser excision) and laser biomodulation (low level laser therapy -LLLT and photodynamic laser therapy -PDLT) may be applied.
The use of laser ablation in the treatment of OLP is based on the fact that the activator of the immune aggression is located intraepithelially and the removal of tunica epithelialis in order to eliminate the causal factor results in discontinuation of the self-sustaining autoimmune process. Pakfetrat et al. used CO 2 laser ablation in refractory erosive-atrophic forms of OLP and reported reduction in size -up to complete regression of lesions, and transition of erosive areas to less risky forms -atrophic or reticular. 37 Rapid symptomatic relief and effi cient elimination of oral lesions with reduction in the incidence of relapses were reported after ablation using Er:YAG laser 38 and diode laser (810 nm) 39 .
A promising method for the treatment of symptomatic OLP is the so called laser biomodulation. Low intensity laser radiation has been demonstrated to have analgesic, anti-infl ammatory, regenerative and other effects. 40 A series of studies reported positive results in cases of OLP refractory to medication treatment after administration of ultraviolet 41, 42 ; KTP laser (532 nm) 43 ; red -630 nm 44 , and infrared lasers -830 nm 7 ; 904 nm 45 ; 980 nm 46 . The effi cacy of LLLT depends on a number of parameters such as wavelength, power, intensity, exposure time, number and sequence of sessions, and therefore is still controversial.
The administration of low intensity laser radiation after prior local or systemic application of photoattractant is referred to as photodynamic laser therapy. There is evidence of immunomodulating effect of this type of therapy and the ability to induce apoptosis in hyperproliferating infl ammatory cells. 5, 28 PDLT demonstrates consistent improvement in clinical presentation of OLP without any adverse effects, regardless of the type of photoattractant used: methylene blue 5 , photolon 47 or porphyrin 28 .
MALIGNANT POTENTIAL
In 2005, the WHO classifi ed OLP as a potentially malignant condition. 1 Transformation to squamous cell carcinoma was observed in 0.5-2% of cases. 1, 48 Most literature sources point erosive and atrophic forms as carrying the highest risk. 1, 2, 49 A recent metaanalysis on the topic demonstrated that regarding the potential for conversion into oral cancer, various forms of OLP have almost the same percentage distribution. 48 Therefore, timely diagnosis and regular follow-up of patients with OLP are vital.
CONCLUSION
Regardless of the conducted numerous studies, the etiology and pathogenesis of LP are still unknown. The therapy administered is often unsuccessful and is associated with a number of adverse effects. The potential for malignant transformation of OLP is also contradictory. Scientifi c interest is focused on fi nding correlations with the expression of proteins regulating cell proliferation and apoptosis, and relevant to the process of carcinogenesis. The change in their expression in OLP lesions can be used as an indicator for the transformation from normal to neoplastic epithelium and will allow for the early diagnosis of lesions at high risk.
